The criteria for the diagnosis of A-V nodal escape are analyzed on the basis of electrocardiograms on patients with auricular fibrillation with digitalis-induced ventricular slowing.
IN THE presence of sinus rhythm the electrocardiographic diagnosis of A-V nodal escape is based on the delayed occurrence of a ventricular complex associated either with the absence of the sinus P wave preceding the late ventricular complex, or its presence with an abnormally short P-R interval. Obviously, in the presence of auricular fibrillation the lack of P waves makes the second criterion inapplicable and the identification of an A-V nodal escape becomes more difficult and less certain.
Only occasionally, slight aberrancy of ventricular conduction helps to identify the beats of A-V nodal origin. On the basis of the single criterion of the long R-R interval, A-V nodal escapes should be recognizable in the presence of auricular fibrillation as beats which terminate long R-R intervals provided the latter are of equal duration and the longest in the record ( fig. 2 , A). A study of the exceptions to this rule is the main subject of this report which is based upon an analysis of twenty-five records obtained on 16 patients with auricular fibrillation and with sufficient material to permit a definite diagnosis of A-VI nodal escape.
The outstanding clinical and electrocardiographic findings are summarized in table 1.
METHOD AND RESULTS
Clinical Diagnosis. The electrocardiograms were obtained on 8 men and 8 women patients between the ages of 18 the influence of digitalis medication and this was undoubtedly responsible for the slow ventricular rate and the appearance of A-V nodal escapes. When previous or subsequent records were available for comparison they showed invariably absence of nodal escapes with increase of the average ventricular rate. In the twentyfive records with A-V nodal escapes the average ventricular rate varied between 45 and 80 per minute, with an average of 57 for the entire series. In fourteen records the average ventricular rate was 55 per minute or less. In twelve of the records the ST-T complexes showed a characteristic digitalis contour. In six records ventricular premature systoles were present. Clinical signs or symptoms of digitalis intoxication were absent in the entire series. Inherent Rate of the A-V Node. The rate of the secondary pacemaker as determined by the duration of the escape intervals (2.20 to 1.12 seconds) was between 27 and 54 per minute with an average rate of 42 for all cases. It is of interest that, in one patient studied, the A-V nodal rate remained remarkably constant over a period of twelve years.
Varying Contour of the A-V Nodal Escape. In one case only was the contour of the nodal escape different from that of the transmitted beats ( fig. 2, B ). This was attributed to aberrant ventricular conduction rather than to escape of an idioventricular pacemaker located below the bifurcation of the common bundle.
Variation of the Escape Intervals. Analogy with the phenomenon observed in patients with sinus rhythm helps to explain why some escape intervals may be shorter, others longer, and on 930 occasion an escape may fail to appear so that the beat terminating an unusually long pause may be a conducted one. The cause for these variations includes the following:
1. If several escapes occur in succession the first escape interval may be slightly longer than the subsequent ones as a result of a gradual 2. The first escape interval may appear shortened as a result of a delay in A-V conduction below the site of the secondary pacemaker affecting the conducted beat preceding the escape (Scherf2) (see fig. 1, B) . fig. 3 .) B, Delayed A-V conduction below the site of the nodal pacemaker shortens the first escape interval. C, Effect of "concealed conduction" in the A-V iunction. Discharge of the A-V node by an impulse which is blocked below the nodal pacemaker may cause a delayed appearance of a nodal escape or its failure to appear. In the latter instance two conducted beats are separated by an R-R interval longer than the escape interval. D, Apparent lengthening of escape interval following a ventricular premature systole. (Compare fig. 4 .) 1 In the diagrams (A) represents the auricular stimulation; (V) the ventricular stimulation (a solid line represents a ventricular beat conducted from the auricles, a broken line (E) denotes one initiated by the A-V node, and a dotted line (PVS) represents a premature ventricular systole); (A-V) represents the A-V nodal junction; and the oblique lines indicate conduction across this junction. This has been demonstrated3 4 in patients with sinus rhythm and in those with auricular flutter. In these patients such impulses may penetrate into the A-V junction without traversing it; although they fail to reach the ventricles they may reach and discharge the secondary pacemakers in the A-V node. As a result of such discharge of the nodal pacemaker by a nonconducted impulse the "time table" of the secondary pacemaker is disturbed; thus, the appearance of an expected A-V nodal escape may be delayed. However, it may be entirely eliminated if, following the discharge of the nodal pacemaker by the blocked impulse, the A-V junction has recovered sufficiently to transmit an auricular impulse before a delayed escape takes place. Under such circumstances ( fig. 1, C) one R-R interval would be appreciably longer than the escape intervals; the ventricular complex terminating the longest 1R-R interval would represent either a delayed A-V nodal escape or a conducted beat. Thus, under exceptional circumstances in a record with auricular fibrillation and nodal escapes the beat terminating the longest R-R interval may be a transmitted one, and the failure of the expected escape to appear may not invalidate the identification as nodal escapes of beats terminating a shorter R-R interval.
So-called concealed conduction of a supraventricular impulse in the A-V junction may in-
4. If an escape follows a ventricular premature systole (fig. 1, D and fig. 4 ) the escape interval may be longer than that of the escape following a conducted beat because of the tendency of the extrasystolic impulse to conduct retrogradely and to discharge the A-V nodal pacemaker. Figure 1 , D shows that the lengthening of the escape interval after a ventricular premature systole is accounted for by the time for retrograde conduction from the extrasystolic focus to the site of the secondary pacemaker plus the time for forward conduction of the nodal escape. . < W : t r t t = i t _ > > ' ' i t ' , ; , -t ! -t z ' 4 t i l l u l ' l l U l n F J T l i l I 1 ! 1 * l 1 l i 1 -g -X -t -t . --1 --= 1 i S --------2 S ----; I ---; --1 1e 1 1 r -z + 1 . The material consisted of a series of twentyfive records obtained on 16 patients with auricular fibrillation exhibiting marked ventricular slowing as a result of digitalis medication.
Finally, slight variations
2. The criteria for the diagnosis of A-V nodal escape in the presence of auricular fibrillation are defined and the factors responsible for variations are discussed.
